In the automotive industry considerable attention is paid to innovations oriented especially to meeting safety and environmental requirements. Concepts of vehicle safety focus on resistance of deformation zone components to impact and resistance to intrusion of undesirable fragments into the passengers´ space. In terms of these aspects the samples of the base materials from micro-alloyed steels HSLA -H220PD, DP 600 and TRIP -RAK 40/70 and also welded by solid-state fibre laser YLS-5000 were analysed. Multi-phase structure materials TRIP -RAK 40/70 and DP 600 showed considerably higher values of absorption capacity, strength, and stiffness than in case of single-phase structure material HSLA -H220PD. The greatest values of absorption capacity, strength, and stiffness were recorded in material TRIP -RAK 40/70 with ferritic matrix and a certain fraction of residual austenite, bainite, and martensite. Absorption capacity, strength, and stiffness have strong correlation with material constant K and strain hardening exponent.
Introduction
The lifetime assessment and potential for possible failure of in-service components is acritical issue in the safety and reliability analysis of components and products in consumer and automotive industry [1] . Nowadays, the pace of implementation of more radical changes (innovations) in the automotive industry has been being increased, so the lifetime of car body components and the whole car is increased as well. The main intention is to provide the customer with independent information on vehicle´s safety and to enable producers to obtain information on distinction of their automobiles from those of the competitors on the basis of test such as frontal and side-impact, pole-impact and roof landing tests, and thus to increase competitiveness of their vehicles [2] . In case of the external compatibility of safety requirements, it is about matching deformation forces and deformation travels with regard to distribution of the impact (absorbed) energy of all persons involved in an accident, keeping biomechanical limit values, and maintaining the space for survival. Measures for ensuring internal and external safety serve for providing all road traffic participants with the greatest possible hope for survival in case of an accident and for making the risk of injury as low as possible [3] . DOI Homologation regulations do not specify directly structural solutions of deformation zone components and materials of the deformation zone components, but for crash the guarantee of prescribed effects or safety characteristics is required. Safety requirements and reducing of weight and emissions have put great pressure on development of new types of materials (high-strength steels, aluminium alloys, plastics as composite materials etc.) and non-traditional manufacturing processes (tailored welded blanks, hydroforming methods, forming using gaseous media etc.). Non-traditional processes of production of components of mechanical systems of vehicles´ passive safety may have a different impact on safety characteristics of components in static or dynamic loading by tension, compression, bending, torsion, shear than conventional methods. When designing a car body structure, designers need information on strength and deformation characteristics of new materials and also on impact of used technologies to those characteristics. Safety characteristics of deformation zone components are related in most cases to deformation work -toughness, strength, stiffness, fatigue etc. [4, 5] An important and challenging issue in the automotive industry is lightweight, safe design and enhancement of the crash response of auto-body structures. The most widely-used automotive steels are interstitial free steel, micro-alloyed steel, dual phase and transformation induced plasticity steels [5, 6, 7] . Dual-phase steels have a microstructure which contains predominately martensite (there can be small amounts of retained austenite, bainite or pearlite) in a ferrite matrix, and these steels exhibit characteristic mechanical properties, i.e. continuous yielding, a high tensile strength to yield strength ratio, and very high initial work hardening rates. The combination of high strength and high ductility has made DP steels very attractive to industry, particularly to the automobile sector. [5, 8, 9] .
Experimental Materials and Methods
In experimental research of laser-beam welding impact on safety characteristics of components of deformation zones of passengers (cabin), plates from micro-alloyed steel HSLA -H220PD, from multi-phase steels DP 600 and TRIPRAK 40/70, whose chemical composition (tab. 1) was defined by the mobile spectrometer Belec Compact Port, were used. Fig. 1 and Fig. 2 from load diagrams of the tensile testing machine TIRATEST 2300 measured at the strain rate ἐ = ɛ/t = 0.0021 s -1 . Cr 6
The equation (1.) applies to materials with the elements content up to: C <= 0.22 wgt%, Mn<= 1.6 wgt%, Cr <= 1 wgt%, Ni <= 3.0 wgt%, V =< 0.14 wgt%, Cu =< 0.30 wgt% [2, 4] It results from the stated that in the applied modes of the laser-beam welding the weld´s best quality was reached at lower speeds and smaller output. This finding is in accordance with the results [11, 12] . It can be seen from the analysis of images of the microstructure of the base material HSLA -H220PD that it is the question of the fine-grained ferritic structure. In the base material microstructure the secondary carbide and nitride additions are present - The weld metal macrostructure consists of hypo-eutectoid ferrite which has been formed on the original austenitic grain boundaries, while the inside of the original austenitic grains is formed by fine acicular ferrite. In the microstructure of the basic metal also areas with the bainitic structure were observed. The structure of the weld metal as well as of the heat-affected zone is polyhedral and the grain size is greater in the heat-affected zone - Fig. 3b . Mechanical properties of base material and laser welded ones of HSLA steel are shown in Table 3 . 4 Microstructure of DP 600 a) base material, b) weld joint It can be seen from the image (Fig. 4a) of the microstructure of the base material DP 600 that it is the ferritic-martensitic dual-phase steel with the ferrite-martensite ratio of about 70:30. From the macroscopic analysis of the DP 600 material samples (Fig. 4b) it can be seen that the weld metal as well as the heat-affected zone have a heterogeneous structure, while the heterogeneity is more significant in the weld metal. The heat-affected zone´s microstructure is formed by very fine martensite. Ferrite in a form of white blocks was observed especially on the boundary of the heat-affected zone and the base material. The weld metal microstructure is heterogeneous, formed by larger martensitic plates. Mechanical properties of base material and laser welded ones of DP 600 steel are shown in Table 3 . From the image (Fig. 5a ) of the microstructure of the base material TRIP -RAK 40/70 it can be seen that the base is formed by a ferritic matrix in which there is a certain fraction of residual austenite, bainite, and martensite. The weld metal microstructure is heterogeneous, formed by residual austenite, upper bainite, martensite, and polyhedral ferritic grains (ferrite fraction of about 30%). Also the heat-affected zone is heterogeneous, formed by bainite and ferrite. The grain size increases in the direction towards the weld centre - Fig. 5b . Mechanical properties of base material and laser welded ones of TRIP steel are shown in Table 3 . 
Discussion
In the automotive industry, there are two basic concepts of automobile safety. The first concept relates to impact resistance and the other one relates to resistance against intrusion of undesirable fragments into the passengers´ space.
Resistance to impact of deformation structure components is defined as a capability to absorb the impact energy using the mode of controlled failure of deformation zone components by gradual decomposition of energy in the profile at impact [13, 14] . So, the impact resistance depends on the absorption capability = toughness = strain energy (W pl,necking -Energy Absorbing) and expresses the material´s resistance against elastic and plastic deformation in various stress-strain schemes. Plastic deformation energy at uniaxial tension load can be expressed: Energy absorption capability of individual base materials and of laser-beam welded materials at impact was compared on the basis of strain energies calculated from the engineering diagram (using the relation 5) and true stress-strain diagram at maximum deformation and at 15% deformation (using the relation 9). As Fig. 6 shows that from the engineering diagram it is difficult to define the maximum value of deformation at which the material is still able to absorb DOI energy to necking (without failure), as in most materials the loading force or the engineering value of the tensile strength Rm oscillates at about the maximum value in greater range of deformations. Then the material´s capability to absorb energy depending on deformation to necking is determined by a drop of material´s resistance against plastic deformation in actual load diagram "actual stresses-deformation" and also the value of deformation φ max,necking corresponds to that. Fig. 7 compares calculated strain energy necessary for deformation of samples of examined base materials and those laser-beam welded ones which were calculated according to the relation (5) and relation (9) . Values of strain energy (absorbing capability), calculated according to relation (5) , are in case of HSLA -H220PD material by 30 Nmm lower than according to the relation (9). A similar trend was also recorded with DP 600 material where the difference was 62 Nmm and with TRIP -RAK 40/70 material the difference was 69 Nmm. The second concept of resistance to penetration relates to absorption of impact energy without a possibility of penetration of a projectile or fragment into space for passengers with defined deformation of components or with their defined displacement [13, 14] . For example, for a crash it is required that in crash there may be no greater deformation of the deformation zone components than 15% and the required absorption energy must be min. 100 Nmm. Otherwise, there is a great risk of undesirable displacement and reduction of space for survival of the passengers. In such case, a principle should be observed that the difference between the total energy under the stress-strain curve before necking and the energy necessary for 15% deformation should not be little because there can appear a component failure much earlier than the required absorption energy is reached or there can appear larger displacement than required. Our comparison of the absorbing capability of the examined material is based on the assumption that the absorption energy of 100Nmm and the maximum deformation ≤ 15% are required. fact that their total capability of energy absorption is greater than 147 Nmm or 145 Nmm would not meet this condition as in an accident there would be greater displacement and reduction of the space for passengers´ survival. Components made of the base materials DP 600 and TRIP -RAK 40/70 but also laser-beam welded at 15% deformation are able to absorb the energy of 100 Nmm and they have a sufficient margin to avoid undesirable deformation of the deformation zone components and reduction of the space for passengers. In general it can be stated that the absorbing capacity of materials depends on ductility, strength, and stiffness. Strength can be characterised as resistance of materials to formation of plastic deformation. In an accident, in the passengers´ zone there may be no penetration of any automobile´s fragments into the space for passengers and only little plastic deformation of the components or displacement is permissible. If the assumption is that there may be no deformation, then the permissible tensile stress or strength can be expressed as a ratio of yield strength R p0.2 to safety margin k for tough materials:
and for brittle materials as a ration of tensile strength Rm to the safety margin k:
Stiffness can be expressed as an amount of elastic energy (W el -EA) that can be absorbed by material at certain load within the area of purely elastic deformation (for example:
where R p0.005 is the elastic limit, the stress at the elastic limit will cause plastic deformation of less than 0.005% L0 and it results from the Hooke´s law that σ el = E.ε el . [18] It results from Fig. 8 and 9 that due to the impact of strain hardening at 15% deformation strength and stiffness of the deformation zone components will be increased. Greater gain in strength and stiffness was recorded in materials with multi-phase structure DP 600 and TRIP -RAK than in material with a single-phase structure HSLA -H220PD. were used. Based on the carbon equivalent, steels HSLA -H220PD, TRIP -RAK 40/70 and DP can be welded without any special measures -they are weldable without fail. The microscopic and macroscopic analyses proved the assumption because pores and cracks in the welds were not found and the weld roots were sufficiently penetrated. The microstructure of the base material of HSLA -H220PD consists of hypo-eutectoid ferrite and secondary carbide and nitride additions. The structure of the base material of DP600 is a dual phase, ferrite-martensite structure with the volume fraction of ferrite 70% and martensite 30%. TRIP material is a three-phase steel of which the BM microstructure consists of ferrite, bainite, and residual austenite. 2. The microstructure of HSLA -H220PD weld metal consists of hypo-eutectoid ferrite and bainite. The structure of the weld metal and heat-affected zone of DP 600 is heterogeneous. The heat-affected zone microstructure consists of extra-fine martensite and the weld metal microstructure consists of larger martensite plates. The microstructure of the heat-affected zone of the material TRIP -RAK 40/70 is heterogeneous too, and is formed of bainite and ferrite. The weld metal microstructure consists of residual austenite, upper bainite, martensite, and ferrite (ferrite fraction of about 30%). 3. The total absorbing energy at the moment when there was a drop in material´s resistance to plastic deformation (necking) was assessed upon the engineering diagram and the true stress-strain diagram of the dependence of stress on strain. The absorbing capability values calculated from the engineering diagram are lower than the values calculated from the true stress-strain diagram. For assessment of the absorbing capacity we recommend to use the true stress-strain diagram, as it enables to express the impact of a grain size, impurities, various phases, deformation rate, temperature, etc. on deformation process. Because of deformation the material reaches greater resistance to plastic deformation, higher strength, hardness, lower ductility, and its other properties change as well. 4. In case that certain deformation (for example, deformation zones within the door area) or displacement are permissible, the absorbing capability of examined materials was compared by using the strain energy W el 15% at 15% deformation. Also in this case, higher values of the absorbing capacity of materials with multi-phase structure DP 600 and TRIP -RAK 40/70 were recorded in comparison to the material HSLA -H220PD with a single-phase structure. 5. Materials with multi-phase structure TRIP -RAK 40/70 and DP 600 showed considerably higher values of the absorbing capacity, strength and stiffness than the material HSLA -H220PD with a single-phase structure. The highest values of the absorbing capacity, strength and stiffness were recorded in the material TRIP -RAK 40/70 with the ferritic matrix and a certain fraction of residual austenite, bainite and martensite, because due to phase transformation of residual austenite during deformation the hardening takes place. 6. The absorbing capacity, strength and stiffness have a strong correlation with the material constant K and the strain hardening exponent; and this is also the reason why multi-phase steels DP 600 and TRIP -RAK 40/70 show better absorbing capacity, strength and stiffness than micro-alloyed steel HSLA -H220PD.
Conclusion
The approach presented in the paper takes into account the basic material parameters to calculate safety characteristics of the material and influence of the laser welding to these characteristics. As presented in the paper, steels used show good weldability by laser welding without protective gas and any special measures. Laser welding do not influence significantly the strength, stiffness and absorbing capacity of steels; the higher values present materials with multi-phase structuredual phase and Trip steels. The better absorbing capability also shows these steels when low permissible displacement of structural components is allowed (deformation zones within the door area). The total absorbing capacity is better to evaluate from the true stress-strain diagram of the dependence of stress on strain, as it enables to express the impact of material and loading parameters on deformation process. The increasing safety requirements in cars require higher strength material to be used in critical safety elements in the car body. The increased use of AHSS is leading the way in crash safety. These steels provide an excellent way to reduce weight and improve performance, so they appear to be very attractive solutions for structural and safety parts of the car body.
